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CONTRIBUTIONS TO THE GEOLOGY OF THE
THAME VALLEY.
By A. M. DAVIES, A.R.C.S., B.Se., F.G. S.
(R ead Deccm"er 2nd, ,&;8.';
[PLATE II.]
I.-INTRODUCTION.
T H E Thame is, broadly considered, a longitudinal or "sub-sequent" tributary of the Thames, draining the region at
the foot of the Chalk escarpment of the Chilterns. The area
drained by it is roughly an oblong, about twenty-five miles in
length from N.E. to S.W., in the general direction of the strike of
the strata, and varying from ten to twelve miles in breadth from
N.W. to S.E., or in the general direction of dip. Its south-eastern
boundary is the crest of the escarpment of the Chilterns, which
maintains a steady height of from JOO to 800 feet above sea-level,
except where beheaded valleys reduce it to nearly 400 at
Saunderton, Wendover, and Tring. Its north-eastern boundary
runs in an irregular manner from near Tring to Stewkley, and does
not rise much above or fall much below 400 at any point. The
north-western boundary is much more irregular, both in direction
and in level, rising to over 600 at Quainton, Brill, and Muswell
Hills, and over 400 in the high ground about Wheatley, and fall-
ing to about 250 in the low areas that alternate with the hills.
(See fig. I).
The region thus defined geographically is no less clearly
marked geologically. It is sharply distinguished by a doubl e
peculiarity in geological structure from the adjoining areas on
the same line of strike. The first difference is tha t the sandy
beds below the Gault, commonly termed .. Lower Greensand,"
have a broken and irregular outcrop. The second is the presence
of higher Jurassic beds-beds, moreover, of sandy and calcareous,
instead of the pred ominant clayey, character. The abundance of
outliers may be said to const itute a third distinction.
The course of the Thame itself is interesting. It flows over
clay ground for practically its whole course, some of its head-
waters and its final five miles or so being on Gault, while the whole
intervening portion is on Upper Jurassic (Kim eridge) Clay.
Between the points at which it leaves and re-enters the Gault
area, the stream falls just 100 feet-from about 270 to about
170 teet above O.D. At both these points the two clays are
either in direct superposition or have only a small thickness of
* Some slight additions have since been made, and certain parts omitted.
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intervening beds; whereas elsewhere in the district more than 100
feet of other strata intervene. Thus the geological structure of the
district has modified the course of the Thame from that of a
simple subsequent stream to a more complex form, to which I
shall refer towards the end of the paper. The irregularity of the
north-western watershed-unusual in a strike-boundary-is due to
the same causes.
Although described by Buckland and Conybeare, and mapped
by William Smith, the district first underwent a thorough
examination by Fitton, whose observations are recorded in the
classical memoir, "On the Strata between the Chalk and the
Oxford Oolite" (Trans. Geol. S IlC., ser. 2 , vol. iv, p. 163). Twenty
years or more after Fitton, the Geological Survey examined and
mapped the district; and their results appear on Sheets 13,
45 S.E. and 46 S.W., published in 1860, 1863, and 1865 respec-
tively, and in the explanatory memoirs to the first two of these
sheets, published in 1864 and 1861.
About the same period Prof. Phillips made a number of
observations on the district, which are recorded in his" Geology
of Oxford."
Tile chief railways in the Tham Valley were made very
shortly after the completion of the Geological Survey-a fact
much to be regretted, since the cuttings, though shallow, are
numerous, and would have given valuable information had they
been properly studied. Now they are all grass-covered, and I
have only been able to discover geological references to two, other
than those at Aylesbury (Codrington. Quart. J ourll. Geoi. Soc.,
vol. xx, p. 3i4; Cobbold, ibid, vol. xxvi, p. 314).
During the next twenty years the district was chiefly studied
by Prof. Morris, Mr. Hudleston, and Prof, Blake. each of whom
has guided excursions oi this Association to the district.*
More recently some revision of the area has been made by
Messrs. A. C. G. Cameron, ]. R . Blake and jukes-Browne, for
the Geological Survey, but the results are as yet only partially
given to the public. Some observations on the Upper Jurassic
rocks have, however, been made by Mr. ·R . B. Woodward, and
are to be found in the Memoir on these rocks (Vol. V.), but the
only account of the "Lower Greensand " is in the" Explanation of
Horizontal Section Sheet 140," by Mr. Jukes-Browne. Con-
siderable revision of the boundary lines seems, however, tohave
been made in the north-eastern part of the area, judging from the
new Index Map.
The present paper records a series of observations made
during the last two years in a number of visits to the district, and
the conclusions based upon them. · My original intention was to
study a small part of the area only in greater detail, but the
necessity of comparison soon led me over almost the whole
• See Record 4 "Excursions ; and P,0C. CeDI. Ass(lC., \ '01. xiii , p. 7t .
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area. To map so large a district in detail would require years
from a private worker who can only spare a few days now and
then for the task. I have, therefore, attempted nothing so
ambitious. Confining myself, for the most part, to the beds
between the Kimeridge Clay and the Gault, I have repeatedly
visited the outcrop and chief outliers of these beds, traversing
them in many directions. I do not think I can have overlooked
any important exposure, unless it be on certain outliers which I
have not had time to visit. I have examined many of the rocks,
microscopically and otherwise, at home.
In field-work, I need hardly say that I have derived the
greatest possible assistance from the published maps of the
Geological Survey. Although the existence of new exposures
has in some cases enabled me to detect errors in the mapping, I
am able to testify to their very great accuracy on the whole,
especially in view of the fact that the area was surveyed before
the six-inch maps were available.
I have to express my special thanks to Mr. J. H. Blake,
who conducted me over the classical section of Shotover Hill;
to Messrs. E. T. Newton and H. A. Allen of Jermyn Street
Museum, and Messrs. R. B. Newton and G. C. Crick of the
Natural History Museum, for great help in the identification of
fossils; to Mr. F. Chapman, who has identified and supplied
notes on all the Ostracoda and Foraminifera; to Prof.
Bonney, who kindly enabled me to examine the late Prof.
Morris's specimens at University College; and to my wife, who
has drawn the maps and sections, and helped me in the field-
work.
H.-PORTLAND BEDS.
The Portland Beds, or such part of them as is lithologically
separable from the great clay-formation below, were divided by
the Geological Survey into" Portland Sand" below, and" Port-
land Stone" above. This division does express the fact that on
the whole sands predominate in the lower part and limestone in
the upper; but Mr. Whitaker has referred to the difficulty in
separating the two at many points. Mr. H. B. Woodward has
shown that these two divisions here do not correspond in age
with those so-named in Dorset. In fact, it is probable that the
line between them, even where it can be satisfactorily drawn, does
not represent a constant horizon throughout our district.
Similarly, the base-line of the "Portland Sands" does not
represent a constant horizon, but as it is a very definite strati-
graphical line, marked by a line of springs, I shall speak of the
beds above it as the "lithological Portland," to avoid misunder-
standing and needless complexity of phrasing.
THE GEOLOGY OF THE TRAME VALLEY. 19
Prof. J. F. Blake, in his paper on the" Portland Rocks of
England" (Quart. Journ. Geol. Soc., vol. xxxvi, p. 189)
distinguished within the "Portland Stone" of this district an
upper" Creamy Limestone" and a lower" Rubbly Limestone,"
separated by a bed of sand. These divisions hold for tne north-
eastern part of the district, but I have not been able to recognise
them in the central and south-western portions.
There are only three places in the district where I have found
it possible to obtain a tolerably complete section down to the
top of the clay series, namely, Garsington, Long Crendon, and
Dadbrook Hill (between Haddenham and Cuddington). A fourth
section, that of Stone and Hartwell, has been already determined
by Messrs. Hudleston, Blake, and H. B. Woodward. These
four sections are indicated in Plate II, and it will be convenient
to consider the Portland Beds in each of them before going on to
a general description.
(a) Garsington Section.
When Dr. Fitton visited the district there seem to have been
many stone-pits here, since he says that the principal ones are in
the western escarpment of the hill, overlooking the low ground
about Langcomb and Cowley. Now, however, the stone-pits
seem all abandoned and mostly levelled over; the only one I
saw was being used to store Leicestershire road-metal. Still, a
number of small roadside exposures are available, and with the
help of the six-inch map and a reflecting level I have been able
to piece together a tolerably complete section.
The lowest beds are best exposed in the cuttings of the
Oxford road as it mounts the hill from Kiln Farm into Garsington
village. Clay is seen exposed at intervals almost up to the little
stone-quarry mentioned above, which must expose almost the
very base of the lithological Portland. The presence of a series
of springs at about 340 feet above O.D. marks this as the level of
the top of the clays. In the quarry itself. there are exposed:
ft. In.
3. Pale bluish-green and grey sands ... 9
2. Shelly sands passing down into sandy limestone I 0
r. More massive limestone 3 6
There seems to be a rapid lateral change in Bed z, but it is
not easy to trace it. Above the level of the quarry and farther
back from the road, a fine vertical face of pale yellowish sand
about IS feet high is exposed. Thus here we have" Portland
Stone" at the very base of the" Portland Sand." The pale sand
call be traced in the road-cutting from here nearly up to the " Red
Lion," and two courses of stone occur in it, as shown in the
section (Plate II). From this point the succession failed.
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A more complete section can be made out on the other side
of the hill, less than half a mile away. On the six-inch map a
sp ring is marked a quarter-mile due south of City Farm. This
fi ne spring is apparently thrown cut by the clay at the base of the
Shotover Ironsands, and in the side of a steep bank. If one
follows the path along the top of this bank and down the hill-
slope beyond, a trench is seen to run straight alongside the field-
boundary. This trench had only been dug quite recently when I
visited the spot last November, and clearly exposed the beds for
a thickness of about 60 feet on both sides of the little valley, and
although neither top nor bottom of the lithological Portland is
shown, the position of these can be judged from surface indica-
tions. The Portland Sand is seen to a thickness of about 35 feet;
towards the base it becomes clayey, and the basal limestone of the
previous section seems to be absent. The sand is topped by a
pebble-bed a few inches thick, full of pebbles of various shapes and
sizes, but all well-rounded, and mostly between i-inch and It
inches in length. Some of these are of quartz, but the majority are
of black material, which one is apt to dismiss as " lydite." Careful
examination, however, shows the latter name to cover a variety
of materials; most of them are black chert, but among them I
found several pebbles of spherulitic felsite and one of phosphatised
bone.
Immediately above the pebble-bed, limestone begins and
continues for about 12 feet; the basal part is very glauconitic
and pebbly, and casts of Cardium dissimile are seen. Above
come 9 feet of sand again, with one thin course of stone. After
this the section becomes obscure, but there is evidence of more
limestone, and then of the Shotover Ironsands at the top.
The Garsington section in Plate II was drawn up (so far as
the Portland beds are concerned) from these two sections in com-
bination, the details of the lowest 25 feet above the clay being
taken from the road-section on the west of the village, and the
remainder from the trench-section. The complete section is
therefore a generalised one.
(b) Long Crendon Section.
Long Crendon is eight miles from Garsington, nearly along
the line of strike. For six of those miles no Portland beds are
exposed. Here again the section is pieced together from the
exposures along several roads down the hill-side, but we have in
addition a number of sand and stone pits and a brickfield. The
last is at the foot of the hill by the side of the road to Thame,
and was visited-or, at least, noticed-by the Association under
Prof. Blake's guidance, in 1893. Prof. Blake then referred to the
clay in the brickyard as Hartwell Clay, and it is also so referred
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to by Mr. H. B. Woodward in his memoir, but I am not aware
that Hartwell fossils have been found in it. I have found none,
and a workman I spoke to said that none were found, though he
certainly knew what fossils were. Its top is marked by a line of
springs, the Lion Spring near the brick-kiln being one, at 272 feet
above a.D., while another in Sandy Lane, a little over half a mile
to the north-west, is rather above the 300 ft. contour.
The lowest bed of the lithological Portland, resting directly on
the clay, is a bright green sand.
The upward sequence may be traced with tolerable complete-
ness on the ascent from the Lion Spring to the village, and con-
firmed in Sandy Lane. We find some 30 feet of light-coloured
sandy beds, in which there occur several beds of clayey sand.
The lowest I I feet or so is not exposed (except for the green sand
above mentioned), but above this 5 feet of clayey sands are
shown in a pit in Sandy Lane, and the presence of the same in the
main road above the Lion Spring seemed to be shown by the
presence of water at the bottom of a sand-pit there. In both
sand-pits we next find the characteristic pale sands of the Portland,
with a few lydite pebbles here and there, and with much clayey
material in some beds; and in the pit by the main road we see,
near the top, a laminated clayey sand full of lydite pebbles. This
agrees closely in position with the pebble-bed of Garsington.
Continuing up the main road above the sand-pit, the road
cutting shows a great amount of limestone, with indications of
intercalated sand-beds here and there. At the point marked
" Kiln" on the six-inch map, there is a small section as follows:
SECTION AT "THE KILN," ON THE ASCDlT TO LONG CRENDON
FROM THE LION SPRH\G.
5. Soil
4. Thin-bedded limestone
3. Calcareous loam
2. Rubbly limestone about
Another section a few yards to the north shows below the
rubbly limestone :-
I. Massive limestone with" Amm.giganteu5," * Trif:onia, Car-
dium, etc.
ft. in.
I 6
o 4
o 6
5 0
10 0
Through the village of Long Crendon itself the ground is
comparatively level, and though there are occasional exposures,
the sequence cannot be followed. When we reach the more
southern of the two windmills, a valuable section of the top beds
is exposed, and allowing for the slight dip, it seems probable that
only 5 or 6 feet intervene between the highest beds seen in the
last section and the lowest seen in this one.
* The large ammonites commonly referred to by this name are probably in all cases in
this district Perispbinctes botoniensis, De Lor. as Prof. Blake has pointed out,
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SECTION AT SOUTHERN WINDMILL, LONG CRENDON.
ft. in
GAULT. {9' Clay ,with. Inocerarnus conc:n~ricus, Be-
lemnites mmtmus and Foraminifera ...
1
8. Sand, with pebbles of quartz and lydite, and
? SHOTOVER ironstone-concretions containing calcite ..•
IRONSANDS. 7. Green sandy clay... ••• .
6. Ironstone .• , ..• ... .
5. Bluish clay, black at base... . ..
{
4. Limestone with clay-veins .
PURBECK. 3. Pale clay, with Ostracods .
2. Crumbly calcareous sandstone
PORTLAND. r. Massive blue-hearted limestone
This pit may be the actual one visited by the Association
under Prof. Blake's guidance in 1893, but I suspect that that
was another one some seventy yards farther west, which has been
closed during the last eighteen months. The two sections differed
only in slight details (mainly in the Shotover Ironsands).
The generalised section pieced together from these exposures
is shown in Plate II. It agrees generally with that given in the
memoir on the Jurassic rocks and that of Fitton, but differs in
some details, due undoubtedly. to variations in the strata from
point to point. Thus Fitton found the pebble-bed immediately
below a sandy and glauconitic limestone, and H. B. Woodward
notes a pale-grey and greenish marl with Trigonia gibbosa, etc" as
the top Portland bed, and 3t feet of calcareous sandstone
within the upper blank space in my section.
(c) Haddenham (Dadbrook Hill) Section.
The Dad Brook is a small tributary of the Thame, which has
cut a steep-sided valley north of and nearly parallel to the main
Thame-Aylesbury road. The road from Haddenham to Cudding-
ton crosses this main road at a point known as the King's cross-
roads or King's Cross, and then crosses the valley of the Dad Brook
at right angles (see Map, p. 54). The steep slope down from the
plateau on the south side of the valley is called Dadbrook Hill
on the maps; it lies three miles E.N.E. from Long Crendon. As
it is only a mile N. of the important village of Haddenham, and
almost entirely within the parish of that name, I give that name
to the section.
About 150 yards west of King's Cross, a small quarry has
been opened in a field. I shall describe this section in detail
later on (p, 40) in connection with the Purbeck beds, of which
some 9 feet or more are exposed, with 3 or 4 feet of Portland
Limestone below. In July, 1898, the ditch alongside the steepest
part of the road down Dadbrook Hill had been freshly trenched,
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and In it beds of lime-
stone, sand, and clay
were clearly exposed. By
means of these two sec-
tions and various isolated
exposures on the north
side of the valley and else-
where, I was able to plot
out the section across the
valley (Fig. 2) and the
vertical section (Plate II).
The clay at the base
is somewhat sandy and
micaceous; I have found
no fossils in it. At its
junction with the sand
above, a spring occurs
which seems to have
attained some small fame
as a chalybeate spring.
The point marked" Dad-
brook Spring" on the six-
inch map is, however,
some twenty yards north
of the actual junction,
and indicates the position
of a little brick structure
In which the water is
received. Last Septem-
ber this spring was quite
dry.
At the junction of the
sand and clay some lydite-
pebbles occur, though not
very abundantly. The
sand itself is the usual
pale yellow sand, with
occasional glauconite
grains, so characteristic
of the Portland beds.
A bed of limestone, 10
or 1 I inches thick, occurs
In it st feet from the
base, and at a height of
12 feet above the base,
limestone follows and
apparently continues up
to the base of the little
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quarry, though the evidence of this is incomplete, and it is quite
possible that some alternations of sand may occur.
(d) Stone and Hartwell Sections.
The remaining section on Plate II is simply a copy of one
already published by Mr. H. B. Woodward, so far as the Portland
and Purbeck Beds are concerned; the Bishopstone Beds are
inserted from my own observations. Mr. Woodward's section
appeared in the Memoir on the Jurassic rocks and has been
repeated in our PROCEEDINGS (vol. xv, p. 93) as a" General Section
at Aylesbury." The main details, however, are derived from the
Bugle Pit, which is in the parish of Stone, 2 miles S.W. of Ayles-
bury, and 3t miles N. by W. from Dadbrook Hill. The Windmill
Pit, from which most of the details of the Bishopstone Sands are
taken, is also in the parish of Stone, nearly one mile farther west,
and this section lies almost exactly in a straight line from Gars-
ington through Long Crendon and Dadbrook Hill to Aylesbury,
being 2t miles from the last and 21- miles from the last but one
of these places.
Mr. 'Woodward's section is fully explained in his memoir, and
more briefly in our PROCEEDDIGS lately, so that I need not say
more on it here.
To complete this set of vertical sections I should like to have
added a fifth, dealing with the sequence to the north, either on
Quainton Hill or at Oving and Whitchurch. But the information
I have been able to get there is not sufficient to allow me to plot
out a section similar to the other four.
(e) Comparison of the Sections.
In comparing these four sections, the fact which strikes us
first is the great difference in thickness between the lithological
Portland of Garsington and Long Crendon and that of Dadbrook
Hill and Hartwell. The thickness in the two former cases is
practically double that in the latter. How shall we explain this
sudden change in thickness in the three miles between Long
Crendon and Dadbrook Hill ? In each case we have" Portland
Sands" below and " Portland Stone" above; do these lithological
names mean the same chronologically in the two cases? If they
do, what is the explanation of this sudden change in thickness in
both formations?
I do not think that the lithological divisions mean the same
in the two cases; Mr. H. B. Woodward has called attention to
the occurrence of a pebble-bed or lydite-bed as separating. the
Upper Portlandian from the Lower at Tisbury, Swindon, Bourton,
and Brill, as well as at Aylesbury. Now, lydite and quartz-pebbles
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occur at one level only in each of our four sections, and are quite
restricted in their vertical range. If we take the pebble-bed in
each case as a constant horizon, the difficulty as to the change in
thickness vanishes, the" Portland Stone" of Garsington and Long
Crendon being represented by the whole of the lithological Port-
land (Stone and Sand) of the easterly sections. Sand, indeed, is
not wanting within the limits of the" Portland Stone" at Garsing-
ton. Again, if we consider the Lower Portlandian, or beds below
the pebble-bed, we can trace a gradual transition, the clayey facies
gradually rising from west to east. From the 39 feet of pure
sands with limestone of Garsington, we pass through the 26 feet
of more or less clayey sands of Long Crendon to the sandy clay
of Dadbrook Hill and Hartwell. As a confirmation of this view
we may note that at Scotsgrove Hill, I! miles S.E. of Long
Crendon and 2t miles S.W. of Dadbrook Hill, the pebble-bed is
seen with only 12 feet of sand below it, and with both limestone
and sand above it. The pebble-bed also seems to have been
noted at Great Hazeley by the Survey officers, at Cuddesden and
Garsington by Prof. Blake, and is well known at Brill and Bierton,
while the pebbly character of the beds in which the "Giant's
marbles" occur on Shotover Hill may perhaps indicate the same
horizon.
Since this paper was read, Mr. J. H. Blake, who has been
mapping the western part of our district for the Survey, has
kindly informed me of an exposure of a similar pebble-bed on the
eastern slope of Shotover Hill, near the 400 feet contour.
There are certain general reasons why a pebble-bed of this
kind should be a more trustworthy indication of a definite horizon
than a line of lithological change. It must be remembered that
this is a solitary bed of coarse material interpolated in the midst
of a series of which the other beds are fine sands (the grains
usually being about '1 mm. in diameter), limestones, and clay.
Such a bed, especially when continuous over a large area,
betokens most probably an interruption of normal sedimentation
for a time by the action of a current--some of the fine material
previously deposited being probably swept away at the beginning
of the current-phase, while at the end of that phase the first
slackening in the current would cause a deposition of pebbles
previously swept to and fro, and then the deposit of fine material
would be resumed.
At Swindon, and in the Aylesbury district, phosphatised
fossils have been found in the pebble-bed, and I have found one
such fragment at Garsington. These are confirmatory indica-
tions that the pebble-bed indicates a period of current action
and cessation of sediment.
Stratigraphically, therefore, the evidence for the view that the
pebble-bed marks a constant horizon in our district is strong; but,
to complete the proof, paleeontological evidence is needful. This
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I am, unfortunately, not able to supply at present. The Hartwell
Clay contains an abundant and characteristic fauna, which proves
it to be Lower Portlandian (Middle Portlandian of Continental
geologists); but the sands below the pebble-bed at Garsington
and Long Crendon are very unfossiliferous. The only fossils I
found at Garsington were Pieuromya tel/ina (which ranges from
Corallian to Upper Portlandian) and a cast of a large Cardium,
very close to C. dissimile. This latter species is characteristic of
the Upper Portland, but does occur in the Lower (according to
the table in the Jurassic Memoir). On the other hand , the Hart-
well Clay species of Cardium are small ones (C. moriuicum and
C. strialulum), and the large C. dissimile is unknown there.
Until a larger collection of fossils has been made from the sands
below the pebble-bed, the question cannot be taken as settled.
(f) General Account.
Let us now trace the outcrop and outliers of the lithological
Portland from S.W. to N.E. through our district.
The westernmost point where Portlandian beds (other than
Hartwell Clay) have been supposed to occur is at Toot Baldon,
one mile S.W. of Garsington. The sands here have been mapped
as Lower Greensand, but Phillips found near their base a pebbly
bed with an Ammonite" of the group of A. jo!;Plocus " (i.e. a
Perisphinetes). This suggests Portlandian beds, but it is the only
evidence for them. Exposures here are at present very poor , and
I failed to find any fossils. I shall refer to these sands again
in Part IV.
The undoubted Portland beds begin along a N.W. -- S.E. line
about a mile north-east of Toot Baldon. This line marks off the
limit both of the main outcrop and of the large irregular outlier
that forms the heights from Shotover Hill to Garsington, an outlier
separated from the main outcrop by the Thame in cutting down
its present valley.
SHOTovER-GARSINGTON OUTLIER.-The Shotov er Hill suc-
cession has been fully described by various authors, and I have
nothing to add to the account in the Survey Memo ir on the
Jurassic Rocks. Comin g to the south side of the railway, a good
section of the upper part of the Portland was once exposed in
the deep cutting of the road from Horsepath to near Combe
Wood. This is figured and described in the Survey Memoir to
Sheet 13. Though much obscured now, the succession of beds
can still be made out in this section, and in addition to those
figured, the "Portland Sand " can be seen a little lower down the
road. At the foot of the hill sandy clay was exposed in a drain
in connection with a new house being built on the north side of
the road (September, 1898), and I measured the total thickness
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of the lithological Portland here (by means of a reflecting level)
as about 60 feet.
For a mile from here southward there are no good exposures,
though signs of the old pits mentioned by Fitton may be detected,
and the next one is in a hollow lane leading down from the main
Wheatley-Garsington Road, south of City Farm, to Kiln Farm.
The first furlong along this lane is level. and the soil in the fields
is that of typical Shotover Ironsands. Then comes a rapid
descent for 150 yards, and in the cuttings can be seen-first,
ironsands ; then a white plastic clay of the Shotover beds, doubt-
less the bed which throws out springs all along the line ; then
more ironsands, of no great thickness . Next comes a fine
calcareous sand with concretionary lumps; below this is a
calcareous glauconitic sandstone (or sandy limestone), then
4 inches of rubbly limestone with Trigonia casts, and below that
a soft calcareous sand. From here downwards the section is
much obscured by slip from the Shotover Ironsands, and the
last-mentioned beds had their dip affected by the slip. I cannot
feel sure, therefore, that the sandy limestone seen at two points
a little lower down was really in place.
We now come to Garsington village, where the chief exposures
have already been mentioned. Minor exposures of sand, with
stone-beds, occur at several other points in the village. But in
the road-cutting on the way to the Manor House there is seen a
white clay, slightly calcareou s, overlying typical pale yellowish
sand. I am unable to place this clay anywhere in the Portland
sequence: possibly it may have slipped here from the Shotover
Beds. I obtained from it a single ostracod, identified by Mr.
Chapman as Melac;'jJris (?) sp. nov.
Following the outcrop northwards from the village, we pass
the trench-section already mentioned (p. 20), and half a mile
farther north-west, in a field one-third of a mile almost due south
of the Horsepath Road cutting, we find, a little below the 400
feet contour, the following exposure:
S~I AI.L F IELD-EXPOSU RE ON CREST or HILL ABOVE " LO WER BAR N,"
NEARLY A MILE N.E. OF G ARSINGT ON.
ft. in.
5. Soil with limestone-rubble, indicating a higher limestone
bed near by.. . 0 7
4. F ine sand ... 0 2
3. Very calcareous sand ... ...... 0 3
2. Buff sand, with very few glauconite gra ins . .. ... . . . 0 4
I . Hard calcareous sand stone , showing fine layers on weathered
surface, but not fissile .. I 7
A small digging just below shows pure yellow sands.
In Cuddesden village Portland Limestone crops out in the
roadway ; and less than half a mile north-east of it, alongside the
footpath to "The Park" which runs parallel to the 300 feet
contour, we lind the following section:
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SMALL QUARRY NEA.R 300 FEET CONTOl::R. :l MILE N.E. OF CUDDESllEN.
ft. in.
6. Soil and rubble ...... about I 0
SHOTOVER I 5. Beds of dark clay and sand, resting on irregu-
BEIlS (?) ) larities in the bed below, varying from 0 to 5 0
14. Soft rubbly calcareous sandstone, with abun-
J
dant casts of Trigonia (the uppermost IS in.
is in places a harder stone). Perhaps in
PORTLAND part remanie . Thickness up to... ... 6 0
BEDS' 3· Harder, shelly calcareous sandstone (or sandy
. I limestone) with abundant fossils-Ostrea ... 0 'J
2. Soft, crumbly calcareous sandstone ... 2 7
1. Hard calcareous sandstone (or sandy lime-
\. stone)... I 6
The lower part of the lithological Portland around Cuddesden
seems to consist of rather clayey sands, as though the change that
is seen at Long Crendon were already beginning to show itself;
but there are no good exposures.
Continuing round the outlier, one finds on Castle Hill some
indications of a greater development of the limestones, for in the
ploughed fields about the 300 contour there are abundant fossils
thrown up-Cardium dissimile, Trigonia, and a "gigantic"
Ammonite.
We now arrive at the point where, on the Geological Survey
Maps (including the recently-published Index Map, Sheet I I),
the Shotover Beds (" Lower Greensand") are marked as over-
stepping the Portland to rest directly on the Kimeridge Clay. I
am not prepared to assert that no such overstep exists, as I have
not been over the whole ground in question. But at the point
where it is shown as having its greatest extension, between
Wheatley and Littleworth, I have found evidence of both" Port-
land Sand" and "Portland Stone," and I believe the apparent
overstep to be due to extensive slips down the steep hillside.
The railway between Wheatley and the Horsepath tunnel cuts
right through the supposed transgression, but the cutting is now
obscured. Just south of the railway, however, large diggings of
Kimeridge (or Hartwell?) Clay for brick-making have been
made, and these show no sign of the ironsands in place above
them. From the eastern end of the brickfield a footpath which
has crossed the railway on the level leads up to Windmill Lane
through ploughed fields and market-gardens. At first the soil
is sandy, but about the 400 contour it shows such an abundance
of limestone-fragments that it cannot be doubted that there is
an actual outcrop beneath. From among these fragments I picked
up a portion of an Ammonite (Perisphinctes probably biplex).
The limestone continues nearly to the top of the path, where the
ironsands are seen by the hedge.
Another footpath, more to the west, not marked on the six-
inch map, leads from the hamlet of Littleworth obliquely up the
hill and afterwards turns along the hillside to join the path just
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described. Along the lower part of this some instructive
openings can be seen. In one there are shown some five feet
of typical pale "Portland Sands" with large calcareous con-
cretionary masses, reminding one of those of Shotover Hill; but
the sand-grains are much finer and the concretions not so hard.
In these Serpula: were abundant. Above these sands, ironsands
and ironstone were seen ; .these may possibly be in situ, but I am
strongly inclined to think that they have slipped down. It is
difficult to fix the position of these exposures on the old one-
inch sheet-the road by Littleworth has been shifted in the mak-
ing of the railway-but it is possible that this is just the point
where the last appearance of "Portland Sand" was shown by the
Geological Survey. Certainly there is a profusion of "Lower
Greensand" material in the soil from here eastwards, but in view
of the limestone outcrop higher up the hillside, the absence of sands
above the clay in the brick field, and the steepness' of the hillside
with its structural suitability for slipping, it seems highly probable
that the supposed overstep has no real existence. - This
practically completes the "beating the bounds" of this large
outlier.
MAIN OUTCROP, GREAT MILTON DISTRICT.--,-Through most
of this area the slope of the ground is so gentle and the expo-
sures are so small and scattered, that it is almost impossible to
piece together the evidence into generalised sections, as I have
been able to do at Garsington and Long Crendon. According to
the published map, the Portland beds appear from under the
overstepping Gault, about half a mile west of Stadhampton, and
range northwards from this point above the left bank of the
Thame to the valley of the small tributary that flows near
Chilworth Farm. Near the source of this brook they are agair
overstepped by the Cretaceous beds. A second narrow outcrop,
due to a strike-fault, extends for some way parallel to the Hazeley
Brook, between it and the village of Great Hazeley. I have not
verified the lower boundary-line, but have no doubt that it is
substantially correct, though the very sandy nature of the material
thrown out of the rabbit-burrows near Cuddesden Mill made me
suspect that the line here should possibly have been drawn nearer
the river. As regards the upper boundary, I think that too great
a spread of " Lower Greensand" has been shown around Great
Hazeley, for there seems to be Portland Limestone exposed in
the roadway in the village, and in the little quarry by the church,
described below, the limestone occurs immediately under the soil.
The best exposure of Portland beds in this district is the one
at Great Milton, shown on the six-inch map, and described in the
Memoir on -the Jurassic Rocks (Vol. V, p. 2 19). As there is
no essential variation in the face now exposed from that described
"l, At the meeting when this paper was read, Mr. H. B. Woodward announced that Mr,
]. H. Blake had detected and corrected the error in the mapping here.in 1897.
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there, I need not insert a description here, though I shall have to
refer to this pit again in connection with the "Lower Greensand."
I have not been able, however, to verify the presence of chert in
the sandy oolitic limestone here. There are certain concretionary-
looking masses of darker colour in the rock, but they are cal-
careous; in fact, they are much purer limestone than the main
rock, leaving only a slight residue of clayey material and very fine
sand-grains when dissolved in acid.
A mile south-west of this exposure, near Little Milton
village, a hundred and thirty yards along the main road south-
west from the milestone marking sixteen miles from Aylesbury, a
small opening exposes a thickness of r 5 feet, now much obscured
by slip and partly grassed over. All that can now be made out is
about a foot of rubbly oolitic limestone, beneath 2 feet 6 inches
of loamy soil. Fifty yards off, towards the footpath to Great
Hazeley, a small digging on a level with the bottom of this pit
shows the typical pale yellow sands which extend from here, so
far as the soil indicates, about half way to Great Hazeley.
Great Hazeley was at one time famous for its stone. Phillips
speaks of it as having been quarried from ancient time, and some
of Fitton's best sections were obtained here. Now the abandoned
quarries, several acres in extent, speak forcibly of the economic
changes of this century. The only quarry which had evidently
been worked recently was a small one in a field near the church,
at the eastern end of the village, where the section is as follows:
SMALL STONE-PIT NEAR THE CHURCH, GREAT HAZELEY.
ft. in.
5. Rubbly white limestone with many casts of small shells,
passing up into soil... ... 2 6
4. Thin-bedded, crumbly, calcareous and glauconitic sands,
about 3 a
3. Black-spotted (not glauconitic) sandy limestone, with casts
of TrigOn/a, etc" passing down in about a foot into
calcareous sand with shells (Ostrea, Pecten) in places,
which passes locally into hard, slightly glauconitic
sandy limestone ... 4 a
2. Soft, coarser, brownish sand ... about I 3
I. Hard, sandy limestone... over I 0
Bed 3 projects as a ledge over 2, which is damp and mossy.
The only other exposure of interest that I have seen in this
district owes that interest chiefly to historical reasons. This is
one in a field near Peg's Farm, I mile S.S.E. from Great Hazeley.
Although very small, and now partly overgrown with brambles,
it appears to be the one seen by Dr. Fitton, by the officers of
the Geological Survey, and by Prof. Blake. It shows about
3 feet of very rubbly limestone full of TrigolZia-casts.
A N.W.-S.E. line, parallel to the one already mentioned,
and about 4 miles distant from it, forms the limit of the
Portland beds in this district. A third parallel line, at least
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2t miles farther to the N.E ., must be crossed before we see
lithological Portland beds again, but then they have an uninter-
rupted outcrop for over 10 miles.
MAIN OUTCR OP , THAME TO BrERTON.-The first sign of the
reappearance of Portland beds, so far as I have seen, is in a field
on the north side of the railway and west side of Rycote Lane
(which here crosses the railway at right angles), close to the
hamlet of North Weston, a mile and a half west of Thame. The
brook which crosses the field runs apparently on clay, but, as the
ground rises, sand is seen thrown up in the molehills. This is a
pale, fine sand, with a little glauconite, totally different from the
" Lower Greensand " material that may be seen in the molehills
farther west beyond Rycote Pond. I know of no evidence but the
molehills in this neighbourhood. The field in question is shown
as either Lower Greensand or Gault (the former being stated to
he much obscured by drift) on the one-inch geological map, but on
the new Index Map a considerable stretch of Portland is shown
near here.
The first exposure of importance is at Priestend, the western
suburb of Thame, where a pit close to the new Grammar School
shows 15 feet of Portland Sand, compacted into sandstone in
places, covered by 5 feet of drift, containing flints, flint-pebbles,
quartzite-pebbles, and lydite-pebbles, The Portland Sand is dug
here for mixing with the Gault Clay at the new brickfields, a
third of a mile farther along the Shillingford Road.
The thickn ess of drift shown in this sand-pit illustrates
one of the difficulties of geological mapping in this neighbour-
hood; it was specially referred to in the memoir accompanying
Sheet 13, and is doubtless the explanation of the remarkable
difference in the lines drawn on the new Index Map. The dr ift,
however, varies rapidly in thickness, and in many places round
Thame there is no difficulty in determining the" solid " rock,
which here is most frequently Portland Sand.
As Fitton has remarked, the Portland Sand attains its widest
extension around Tharne. The cart-road that runs direct from
Moreton to Tharne is in parts so sandy that one might imagine
oneself close to the sea-shore. In the lane leading from near
Grove Cottage to the windmill, a deep ditch at the side shows
typical Portland Sands , slightly glauconitic. Small exposures may
also be seen at Moreton, at the side of the pond near the Bell
Inn, and in the roadside towards the eastern end of the village.
In Thame itself I saw an exposure in Pound Street, and the rising
ground north of the Kingsey Road (which is probably the Barley
Hill of Fitton) shows sandy soil.
Throughout the area between Moreton and Thame bounded
by the main roads running southwards from the latter, I have seen
no evidence of any limestone in the Portland beds, though Fitton
mentions its occurrence at Barley Hill. Whether this is to be
3 2 A. M. DAVIES ON
explained by Cretaceous overstep or lithological change is difficult
to decide, as the relation of the upper part of the Portland beds
to the overlying Shot over beds (if such they be) and Gault is
obscured by drift.
The Cuttle Brook, which flows past Moreton and Priestend
(not the similarly named brook near Kingsey) has cut down
through the sands to the underlying clay, a fact not recognised in
the one-inch map, but shown on the new Index Map. Near
Moreton itself the clay is largely covered by a peaty deposit, but
lower down the brook it is visible, and at Priestend two springs,
one on each side of the brook, probably mark the base of the
sands.
Fitton speaks of Portland Stone as quarried at Cotmore Walls
(Colmorewells Farm of the six-inch map), which is nearly half-
way between Thame and Towersey. It is probable that a
number of stone-pits have been closed in the neighbourhood of
Towersey and Kingsey, as I have failed to find any trace of
some mentioned in the Survey memoir to Sheet 13. The site of
the pits mentioned by Fitton as " near the windmill at Towersey "
can, however, easily be identified, although the windmill itself
has disappeared. They are about 200 yards south of the Kingsey
Road, to the east of the road that joins it from Towersey.
Nothing can now be made of them, but in the next field to the
south, a small opening has lately been made which shows Port-
land Limestone with Purbeck beds above. As very little of the
former is shown, the section will be described under the Pur-
beck beds (p, 39).
Portland Limestone is rather feebly exposed at the bridge
over the Cuttle Brook on the Kingsey Road, and at another point,
a quarter of a mile higher up the brook, as well as at the bridge
over the Ford Brook on the road from Kingsey to Haddenham.
Around Haddenham itself, there are practically no exposures,
though the presence of limestone can be easily recognised in
many of the ploughed fields.
The lower sandy beds, though, doubtless, forming most of
the lower grounds between Thame and Haddenham, are nowhere
well exposed to my knowledge, except in the lane leading down
from Scotsgrove to Scotsgrove Mill. Here 12 feet of typical
Portland sands are well shown, and near the top there is the
lydite-bed, surmounted at once by limestone with "Ammonites
giganteus:" above which there is again sand.
Along the left side of the Thame, between Scotsgrove and
Cuddington, the base of the lithological Portland is marked by
springs, of which one, the Yolsum Spring, has a distinctly ferru-
ginous taste.
We have now reached the neighbourhood of the Dadbrook
Hill section. The interesting field-pit near King's Cross will be
more particularly described under the Purbeck beds; here we are
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only concerned with the Portland limestone at the base of the
section. About 3 or 4 feet of chalky limestone is exposed, and is
highly fossiliferous-Cardium dissimile, Pecten iameliasus, Trigouia
damoniana, a large Ostrea, and "Ammonites gigantelts" being
abundant.
In addition to the trench-exposures down Dadbrook Hill,
both sand and stone are less distinctly exposed in the roadway on
the north side of the valley, rubbly limestone is seen in the lane
on the north side of Dadbrook House grounds, and chalky lime-
stone in the roadway at the top of the hill in Cuddington village.
Continuing eastwards, we soon come to the neighbourhood' of
Dinton, where Fitton has described the section in a pit which had
yielded stone for over 200 years. Now the pit has long been
closed and converted into an orchard, but the name of "Stone-
pits" is still applied to the farm. The old stone-pit can be-seen
from the footpath which runs from Westlington across the main
road and over the hill to the Cuddington road.
Limestone is exposed in the fields south of Westlington
House, in the roadway by Dinton Church, in the farmyard at
Upton, and in a field north of the main road near the parish-
boundary between Dinton and Stone. At the County Asylum, just
beyond that boundary, a boring was made through 20 feet of
Portland beds and 500 feet of clays below, but the details known
are very meagre.
Just beyond the south end of the Asylum grounds, and a little
below the 300 contour, there is a spring which marks the base of
the lithological Portland. Beyond this, sloping down to the
Ford Brook, there is a stretch of low ground, which is an
inlier of Hartwell Clay. The boundary of this inlier can be
traced from near Ford north-westwards to Westlington and
Dinton, and round by Upton and Stone to Chilborough Hill
Farm. It follows the foot of a well-marked surface-feature, and
the difference in the soil when one passes from the clay to the
sands is readily noticed. It is possible also roughly to draw from
surface-indications a boundary-line between" Purtland Sand " and
"Portland Stone," - which may here be a line of more value
than .elsewhere. From near Wallace Farm (between Dinton and
Upton) a long tongue of higher ground runs out south-eastwards.
I have not been over this, but have no doubt that it consists
of Portland Sand, as mapped by the Survey.
The southern boundary of the inlier is much less definite.
From Ford to Chilborough Hill Farm I failed to find any trace of
lithological Portland, although an outcrop of it is marked on the
new Index Map (though not on the one-inch map). and Fitton
especially mentions" about midway between Ford and Moreton's
Farm" as one of the points where Portland limestone was to be
seen. The area through . which the boundary must run is flat
grass-land ; clay only is exposed in ,the bed of the two branches of
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the Ford Brook, and clayey material in the molehills. The only
point where anything appeared to intervene between the Gault and
Kimeridge Clays is near Bridgefoot Farm, where I saw pebbly
ferruginous sands, probably belonging to the Bishopstone beds.
Returning to the main Portland outcrop, we find the base of
the sands marked by the "Egyptian Springs," near Hartwell.
The sands are nowhere exposed in anything better than a molehill
anywhere between here and Aylesbury, but the limestone has been
abundantly quarried, and though many of the pits described by
Fitton and Morris are now filled up and grassed over, a good
many small exposures may still be seen. Such are the old pit 150
yards south of Stone Church, where very chalky limestone with
abundant fossils of the usual species is seen, and a small pit at
Upper Hartwell, now made into a garden.
The famous Bugle Pit is the only large exposure near here,
and has been so often described in the PROCEEDINGS and
elsewhere that I need not refer again to it. The extent to
which the Portland beds have been worked hereabouts is indicated
by the abundance of gigantic Ammonites used for wall decoration
Small exposures of limestone occur near Sedrup (Southwarpe
of the old maps), whence Fitton obtained several fossils ; but the
numerous pits that have been described at Bishopstone seem now
to be entirely closed and overgrown. The famous Locke's P it,
where the Hartwell Clay is dug and the pebble-bed rath er poorly
exposed, is about a mile and a half due north of Bishopstone.
The pebble-beds can be traced in the fields to the south of this
pit. Along the footpath from Bishopstone to Walton, limestone
is exposed in a small pit, about half a mile north-west of Stoke
Farm, which will be described under the Purbeck. Farther
along, limestone with Trigonia-casts is exposed in the side of the
brook which is crossed just before the path joins the Stoke
Mandeville Road. The rubbly limestone with the sands above
and below it is well exposed in the cuttings of the Metropolitan
Railway between Walton and the Aylesbury Joint Station.
Aylesbury itself is built on an outlier of Portland, detached
from the main outcrop by stream-erosion. The beds have
frequently been exposed in drainage operations and the like, but
I know of no good permanent exposure.
Leaving Aylesbury by the Leighton Road, one soon crosses
the narrow separation between the two outliers, the presence of
the Hartwell Clay being marked by a brickfield, from which the
characteristic fossils can be obtained in abundance. Above
10 feet of the clay the lydite-bed is well shown.
Less than half-a-mile farther on, on Bierton Hill, opposite the
Manor House, drainage works were in operation last September,
and a depth of perhaps 15 feet of Portland Sand was exposed,
with water at the bottom (indicating, in that very dry season, a
very near approach to the clay). As I only saw these exposures
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for a few minutes at dusk, I cannot say more, but the great
thickness of sand was striking. There are several old
stone-pits near Dunsham Farm, but only one now in work;
this shows a succession very like that of Hartwell, and the beds
dip 10° to the east-a dip which must be cut off by the fault
shown on the published map.
At the brickfield in Bierton village Hartwell Clay, with
Astarte nzysis, Mytilus autissiodorensis, Cardium striatulum, and
Exogyra nana, is seen to a depth of 15 feet or more, and, over-
lying it, the lydite-bed of the Upper Portlandian, here an impure,
brown, sandy, and pebbly limestone, with casts of large Trigonia:
This is the most easterly exposure that I have visited in the
district, but exposures have been recorded at Warren Farm, south
of Stewkley anel near Cublington, in the drift-covered district
towards the north-eastern watershed.
OUTLIERS: LONG CRENDON TO CONEY HILL.-This row of
outliers has been separated from the main outcrop by the cutting
of the Thame valley. Such a row of outliers is an unusual
feature in areas of gently-dipping beds with a well-adjusted
drainage system. Outliers beyond the main escarpment are
usually separated from it by the cutting back of head-waters, and
mark subsidiary transverse water-partings, or " sub-divides." An
explanation of the peculiar features of the Thame valley will be
suggested later on (Part VI).
The best sections on this line of outliers are at the extreme
ends. Those at Long Crendon I have already described. At
Coney Hill, or, more correctly, Waddesdon Hill, the following
section is now to be seen, at the "Limekiln" marked on the
six-inch map, a quarter-mile west of Coneyhill Farm, and near the
lodge at the northern entrance to Eythrope Park:
2 0
I 6
2 10
SECTION AT LIMEKILN, i-MILE WEST OF CONEYHILL FARM.
ft. in.
I 0
I 0
I 3
o 8
I 2
I 0
I 0
I 0
I I. Soil, with small limestone fragments and lydite pebbles .,.
10. Drift, with abundant limestone fragments ... ... . .•
9. Calcareous sand, finely laminated
8. Sandy marl
7. Friable laminated limestone ...
6. Massive limestone
5. Friable laminated limestone ...
4. Thin-bedded limestone about
passing into
3. Massive creamy and chalky limestone (Trigonia, Cardium,
Osirea, Natica, etc.)
2. Thin-bedded limestone and marl
1. Massive creamy limestone ...
The uppermost beds here are Purbeck, and the line between
Purbeck and Portland should probably be drawn at the base of
Bed 5, which yielded marine Ostracoda, found elsewhere in
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the Purbeck beds of the district. If this is the section seen by
Prof. Blake nearly twenty years ago, it must have been worked to
a much deeper level then, since it is from Coney Hill that he
obtained many of the" rubbly limestone" fossils.
The lower rubbly limestone and the pale sands below it are
exposed in the roadside close by the quarry, and the base of the
sands can be seen at the pond below Coneyhill Farm.
In the intervening area between Long Crendon and Coney
Hill I have not seen any sections of importance.
Two further outliers-those of Ashendon and Lodge Hill
(capped by Waddesdon Manor)-run parallel to the line just
referred to, being separated from it in more normal fashion by a
secondary longitudinal stream. I have not visited either of these,
but their appearance from a distance clearly indicates their
nature. The south-westerly continuation of this line of outliers
is represented by the north-westerly extension of that of Long
Crendon to Chilton.
OUTLIERS: BRILL AND MUSWELL HILLS.-My only visit to
Brill and Muswell Hill was a brief one, and I have nothing to add
to the accounts that have previously appeared. I may point out,
however, that in the presence of only 3 feet of mealy sand
between the Iydite-bed and the fossiliferous Hartwell Clay, this
district shows characters intermediate between Long Crendon and
Dadbrook Hill.
It seems possible that these outliers owe their preservation to
being on a gentle synclinal axis at right angles to the general
strike-an axis which may find its continuation in the break of the
line of Corn brash inliers between Merton and Blackthorn Hill.
The other breaks in that anticlinal line also seem to be continued
as synclinals into our district. But where the dip averages less
than half a degree, and horizons are not certainly marked by
lithological lines, the recognition of such gentle folds is difficult."
OUTLIERS: QUAINTON HILL AND OVING.-The base of the
lithological Portland rises through 200 feet in the six miles
between Aylesbury and Quainton Hill. This indicates a dip
which, though double that estimated at Dadbrook Hill, is con-
siderably less than half a degree. There are several pits and
small exposures on Quainton Hill, but not enough to enable a
complete section to be compiled. As elsewhere, however, the
lower part of the Portland beds is mainly sand, the upper
calcareous.
On the eastern side of the northward spur, called" Conduit
Hill," about 30 feet above a spring, which marks the base of the
sands, a small opening showed a little rubbly, fossiliferous lime-
stone with Cytherea rugosa and Pieuromya tel/ina, overlying 3 feet
* Some general suggestions as to post-jurassic folds, based on a comparison of this dis ..
trict with the distribution of Jurassic rocks under the London area, were made in the paper
as originally read. They are withdrawn with a view to fuller- treatment later.
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of calcareous sand with large concretions, like those of Littleworth,
near Wheatley.
A furlong south-west from the summit of Quainton Hill a
larger opening showed the following section:
SECTION A FURLONG SOUTH-EAST OF THE Top OF QUAINTON HILL.
ft. in.
SHOTOVER I 6. Ferruginous sands with ironstone; clay at base
BEDS (1) ( in places ... ... ... ..• 8 0
15. Brashy limestone (Trigonia) 2 6
1
4. Creamy limestone (Trigonia casts, Cardium
PORTLAND ,!issimile, Ostrea etc) ..• ..... ... 6 0
BEDS. \ 3· FIne buff sands, slightly glauconitic, not
I calcareous ... ..• .•. .•• 6 02. Sandy and shelly limestone.. ... 2 0LI. Calcareous sands.
This seems to show what Fitton calls a H gull," i.e., a pipe in
the Portland beds, into which tbe overlying clay and ferruginous
sands have been let down gently. Fitton, it is true, asserts that
the gull must have been excavated before the deposition of the
matter that now fills it; but in the case he mentions (at Great
Hazeley), as well as in the present one, there are among the beds
filling the gull clay-beds of uniform thickness. It would be
impossible for such a bed to be laid down on a slope of from
45° to nearly 90° without being much thicker at the
bottom, therefore we can only suppose it to have been level
originally, and let down long afterwards.
Several smaller sections near the top of the hill show Port-
land limestone, but with overlying Purbeck beds; they will
therefore be considered later.
Eastwards it is easy to see that the Portland beds extend some
way beyond the limits laid down on the published map. The
proper shape of the outlier is roughly indicated on the key map,
Fig. I. It includes Woad Hill and Denham Hill. On the
latter, a little way above Denham Hill Farm, I found a very
obscure section, seemingly with a fault running through it, the
beds differing totally on the two sides, and being greatly obscured
by talus-slope. There are marly and clayey beds suggestive of
Purbeck, and more massive limestone, but nothing very satis-
factory: in the former I found a single marine ostracod
(BythoC)'Pris winwoodiana, see Mr. Chapman's notes, p. 58).
Close by, in the next field, to the west, an indentation of the
500 contour line marks an old quarry where limestone may be
seen. Lower down the. hillside a couple of springs mark the
base of the lithological Portland. In the case of the more
westerly one there is a fair exposure of calcareous sands (in which
I noticed a Trigonia·cast) over the clay, and from here to the
lowest point where limestone can be seen is quite 30 feet vertically,
all between seeming to be sand. This agrees with observations
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at the north end of the hill, and I think we may safely regard the
lowest 30 feet of the lithological Portland as entirely sand, while
the remainder is mainly, but not entirely, limestone. The thick-
ness of the latter I can only estimate by considerations of level,
and those give it about 45 feet, making 75 feet in all. I have not
seen any sign of the lydite bed on Quainton Hill, but that
may be because at the time I visited it I was not impressed
by the importance of the lydite bed, and did not look for it.
The outlier around Oving was visited by the Association in
1897, and the exposures there are chiefly interesting for the
Purbeck beds. At two points there are sections showing
fossiliferous Portland limestone overlying sand-one (visited by
the Association in 1897) is on the road to North Marston,
100 yards before it crosses the 500 contour. The other is by
Creslow Church. Here 5 feet of limestone are seen, with a
marly band in the middle, and over 3 feet of the usual pale sand
beneath. The limestone here is very fossiliferous - " Amm,
giganteus," Trigonia, Cardium dissimile, Ostrea expansa, Natica,
etc., being present, and a small Ostrea occurs in the sand.
Limestone with sand underneath is seen in Weir Lane, north
of Bolbec Castle, Whitchurch, though the Portland sand was not
mapped at this point by the Survey. Limestone also forms the
actual roadway in part of Whitchurch village, as Prof. Blake has
noted.
IlL-PURBECK BEDS
The marine Portland beds are followed conformably by a
series of marls, clays, and thin-bedded limestones containing
estuarine and fresh-water fossils-the Purbeck beds of the dis-
trict. In adopting this name for them, I express no opinion as
to their equivalence with the typical Purbeck beds of the south
coast. I use the name as a facies-name, not a time-name.
Owing to the pre-Cretaceous (or early Cretaceous) denudation of
the Jurassic rocks, these uppermost strata do not possess a
continuous outcrop but occur in scattered patches, irregularly
overstepped by the Cretaceous beds above. Being nowhere of
great thickness, and having no lithological unity, the recognition
of their presence from surface-characters is extremely difficult;
though in a section they are readily distinguished from the more
massive limestones beneath. It is not surprising, therefore,
that no attempt was made to map them on Sheet 13 of the
one-inch map, although their presence was recognised, and
that on Sheets 45 and 46 only seven patches of Purbeck are
mapped, although at least a dozen seem to have been known to
Fitton. Altogether I find previous evidence of sixteen, and to
these I can myself add two, making a total of eighteen, of which
some may be only parts of a single patch. Of these patches
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some are outliers, one is mapped as an inlier, while others, being
of the nature of discontinuous outcrops, might be spoken of as
" in-and-out-liers," or " tween-liers."
1. and 2. COMBE WOOD AND GARSINGToN.-Purbeck beds
are recorded from these two places by Fitton. I could find no
exposures
3. LONG CRENDoN.-Here also they were noted by Fitton.
I have given the section now exposed at page 22. For fossils
see table on page 43.
4. BRILL.-Purbeck beds have been noted here by Brodie
and Phillips.
5. TOWERSEY.-Purbeck beds have not yet been recorded
from here. In a pit close to the site of the windmill (now de-
stroyed), half a mile north of the village, the following section
may be seen:
FIELD-PIT ON E. SIDE OF ROAD FROM TOWERSEY TO KING3EY, NEARLY
OPPOSITE SITE OF WINDMILL.*
PURBECK.
PORTLAND. {
12. Soil
I I. Band of nodular calcareous chert
10. Thin-bedded limestone
9. Marl, with nodules at base
8. Thin-bedded limestone
7. Marl with P"ludina ...
6. Thin-bedded limestone
5. Ferruginous sand, slightly clayey
4. Marl
3. More massive limestone
2. Thin-bedded limestone
I. More massive limestone (Cardium dissimile)
ft. in.
r 0
o 2
o 4
o 8
o 6
o 9
I 3
o 3
o 8
I 0
OIl
I 0
Bed 5 is conspicuous on the face, because of the moss that
grows along it. Bed 7 is full of young Paludina of indeterminable
species, hut two of the larger ones appeared to be P. elongata
and P. sussexiensis. I also found a.single tooth of a pycnodont
fish (Ca:lodus?) and some freshwater Ostracods (see p. 43).
The Purbeck beds cannot extend far around these pits, as
Fitton does not mention their occurrence in the old pits a furlong
to the north, and I could not find any clear evidence of them
between the Portland and Gault along the Cuttle Brook, a
quarter-mile to the west.
6. HADDENHAM.-A small outlier, partly overstepped by
" Lower Greensand," has been mapped a little west of the village.
There was probably a pit here at one time, for Fitton specially
mentions this as a locality where Portland beds may be seen
rising from beneath the higher strata. Now, however, I have
failed to find any evidence of the presence of Purbeck here.
Photographs of this section and the next one (KinK'S Cross) have been given by Mr. J.
H. Pledge to the British Association collection.
3 6
(l . in.
o 6
I 0
2 0
2 0
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7. KING'S CROSS, north of Haddenham.-At the point where
this stone-p it (already referred to in the Dadbrook Hill section,
pp. 2 2, 33) is opened, the Geological Survey has mapped Gault
resting directly on Portland Stone. It is probable that the black
clay and marl of the Purbeck (Beds 6 to 9 (If the section below)
were mistaken for Gault-not a surprising mistake in the absence
of any clear section . The fossils given below are ampl y sufficient
to prove the Purbeck age of the beds .
FIELD-PIT, N. SIDE OF MAI N R OAD, 120 YARDS W EST OF K I NG's CROSS.
H ADDE NHAM t I898).
10. Soi l (a nd Drift 1)
9. Yellowish-white mar l
8. Browni sh claroslightly calcareous ., ; . ..
7. Tough black clay, scarc ely calca reous at all
6. Brownish. more laminated clay. sandy and not calcareous.
the lowest portion weath ering with a white effiorescen ce t 0
Reddish sand with some Iydite-pebbles, and thin iridescent
shell fragments ; ir onsto ne at base in places... ab out 0 7
4. Da rk marl with pebbles 7 in. to I 2
3. Lighter marl, the lower part g ivin g an odou r of
petr oleum when ham mered ... .. . ... about I 6
2. Ma rly limestone 0 4 ~
I. Massive chalky limestone, with Cardium disstmiie ,
Trigonia damoniana, II Amm, gigan/eus," Pecten,
Ostrea, etc.
There are slight traces of cont emporaneous erosion between
4 and S. It is even possible that this may indicate a break of
some importance, for the ostracods found in Bed 7 ind icate a much
higher horizon than tho se in Beds 3 and 4. . From Bed 7 I
obtained fine specimens of Cypridea punctata (Forbes),
undeterminable ' fragments of Gasteropods and Lam ellibranchs,
and carpogonia 'of Chara. Of the Cypridea punctata,
Mr. Chapman writes to me that it is charac terist ic of the
Upper ' and Midd le Purbeck, but very rare in the Lower.
" T he . fine. and num erous specimens are, I should say, rather
indicative of the Upper series, but that can only be said
with some reserve." In Bed 3 there is a curious mixture of fresh-
water and marine ostracods and foraminifera. The former are
given in the table on p. 43, and are Lower Purbeck torms.
Among the latt er Mr. Chapman identifies Cristellaria cultrata
(Montfort), from the middle part of the bed, and C. varians,
Bornemann, from the top, and states that "in addition to these
there are several interesting foraminifera from the same bed
which will require further study." The only other identifiable
fossil was a Serpula, but fragments of oysters occur at the base.
Since this paper was read I have been in correspondence
with Mr. Jukes-Browne, of the Geological Survey, who re-
examined this distri ct officially in 1887, and saw the section at
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this pit. As the sect ion then exposed differs to some extent (rom
the present one,l am glad to be able to give Mr. Jukes-Browne's
account of it, which he has kindly allowed me to do, with the
permission of the Director-General of the Geological Survey.
S T ONE-PIT i MILE S. OF C ODDINGTON.
Soi l (heavy)
6. Ma rly ru bble with bits of stone passing down into
marly clay . .. ••• ..• .. • ••. .. ,
5 Ligh t-grey ca lcareous clay with a lenticular bed of
limestone near entra nce to pit, abov e which is a
conti nuous band of dark grey clay .. .
{- G rey soapy clay, passing into black clay
3. Dar k brownish sha ly clay, with brown (ferrugino us) and
yell ow (s ulphur) stains ... ..• ... .. .
2. Brown sand full of comminuted shells in the upper part,
with some pebbles of limestone ... ... . ..
t , Hard calcareous lam inate d sandy loam with derived
shells at base ...
Hard white Portland rock
ft.
q
r to 2
r to 2
3
q
[6Total abou t
[ No. 2 thic kens at th e expense of No. I.J
A comparison of the two sections shows several interesting
points. It is safe to assume that the present face is farther east
than the 1887 one. Beds 3 to 5 of the latter correspond exactly
to Beds 6 to 9 of the former, the differences being much slighter
than the verbal differences in the description might suggest ; the
lent icular bed of limestone, however, has now thinned out
altogether. Bed 2 of Mr. Jukes-Browne is my Bed 5, and its rapid
westwardly increase in th ickness is in full accord with the
evidences of contemporaneous erosion at its base ; evidentl y we
have here a stream-channel cut down in the estuarine or lagoon-
deposits below, in which latter, throughout the d istrict, sandy
beds are very rare. Bed I of Mr. J ukes-Browne is probably the
lower part of my 3 and 2 , having cha nged in lithological
character.
It is very difficult to say how far these Purbeck beds extend
around th is pit, as surface-indications are not at all trustwort hy in
distin guishing Purbeck from Portl and , unless the former are very
clayey. The only other point where I have actually found Purbeck
marl in place is in the .roadside ditch by Budnall Farm ; but the
clayey "oil of the fields on the opposite side of the road ind icates
its presence there. The boundaries drawn on the map (p, 54)
must , therefore, be taken as approximate only; they are based
largely on considerations of slope and dip, and only to a small
extent on actual tracing over the ground.
8 AND 9. FROM CTJDDlNGTON TO BEYOND DINTON two
paralle l strips of Purbeck, separated only by the overstepping
Cretaceous beds, have been mapped by the Survey. T hese are
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doubtless continuous with one another, and with the previous
patch , underneath the Cretaceous. I know of no good exposur es
along this line, but it includes the Dinton stone-pits described by
Fitton (see ante, p. 33).
10, STONE.-This large out lier has th e Bugle pit as its only
satisfactory exposure. The most notable feature here is the fine-
grained and well-jointed bed of "Pendle " at the base. The
working-back of the quarry-face has revealed the rapid lateral chan ges
which the Purbecks undergo. Thus the face worked at the
present time (November, 1898) shows six feet of unbroken marl,
sepa rated from the pendle by seven inches of crumbly limestone,
and five inches of slaty-blue clay. Tracing the beds some yards
to the south, in an old face we find the marl broken up by three
bands of rubbly limestone.
I I AND 12. BISHOPSTONE AREA.- A large area is mapped by
the Survey as Purbeck between Stone and Bishopstone, with a very
small inlier in Bishopstone village itself. A number of pits are
referred to by Fitton, Morris, and Rupert Jones as within this area,
but, though I have seen several overgrown and partially-levelled
pits, I have not found one stilI in use, or even recently abandoned,
and very few are marked on the six-inch map now nearl y twenty
years old. Purbeck Marl may be seen occasionally in ditch es.
13. AYLESBURY.- A small patch of Purbeck that can hardl y
cover ten acres is shown on the Survey map about half-way between
Stoke Farm and Locke's br ickfield. A small pit is open in this
patch beside the Walton-Bishopstone footpath , and within the
parish of Aylesbury, and though not now in use shows the
following section very clearly:
SECTION I N FJELD, ~-M ILE f ROM WALTON ALON G BISHOPSTONE
FOOT PATH.
P lJ RBECK .
PO RT LAND .
{
S' Soil (a nd drift ?) about
7. Thin- bedded limestone .. . .. .
6. Lig ht-coloured marly limestone ... .. .
S. Da rk ma rly limestone .. . . .. .. .
4. Crumb ly, very thin-bedded limestone with
ostracods.. . .. . .. . .. . ...
J3· Chalky limestone , rather thin-bedded2. Marl, passing up into clay . .. .I I . Cha lky limestone... ... .
n. in.
a
J a
0 6
a S
a 7
4 a
a 3
3 a
This section is chiefly of interest from the occurrence in bed
4 of the same mixture of freshwater and marine ostracods and
foraminifera as in Bed 3 of the King's Cross section . Of the
latter Mr. Chapman identifies Cristellaria sp. and Patellina sp.
The former are given in the table opposite.
14. CONEY HILL.-The section has been given on page 35.
For a list of ostracods from bed 5 see opposite.
M
~
~
~
>-l
>-l
-r:
>
~
~
-e
:x:
...
~
:x:
...
....
o
>-
o
o
>-l
o
~
o
~
:x:
...
TABLE OF LOWER PURBECK OSTRACODA FROM THE THAME VALLEY.
I Pit by Lower Pit i mile fromPit near site of Pit near King's Cross) Walton
: Windmill, Windmill, N. of Haddenham, (Aylesbury) Coney Hill
l Long Crendon. Towersey. (p. 40 ) . along path to (P·35)(P·39)· Bishopstone. Bed 5.(p.22). Bed 7. Bed 3. Bed 4· (p, 42)
Bed 4.
------
------
---_._-------
------ -----
( Candona ansata, [ones i ., ... X 2 X Xbm - X
-
FRESHWATER. I bononiensis, Jones ..• - X Xm X - -
Cypris purbeckensis, Forbes ... X2, 3 X - X - -
ESTUARINE. Metacypris sp. ..• ... .•• - - X - - -f'<hore drupacea, loom •.. - - Xbmt - X X
relirugata, Jones ..•
- -
X b m I - X X
" var. rugulata, J. - - X b mI - X X
MARINE. '.' oar, textilis, J. - - X b m I X X X
transiens, Jones ...
- -
X b I - - -
sp. ... ••• •••
- - X - - -
Cytheridea ? subeminula, J & S.
- -
- - - X
Macrvcypris hcratiana, J. & S.
- -
X b - X -
2 and 3 refer b = bottom
[See Mr. Chapman's notes, p. 58.] to beds m = middle
p.22. I = lap
Middle Purbeck ostracods were only found al King's Cross (see p. 40).
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15. QUAINTON HILL - The existence of Purbeck beds under
the "Lower Greensand" was noted by Fitton, but they were
evidently too uncertain to be mapped. The section previously
given (p, 37) shows that they are locally wanting. The best
exposure I have seen of them was in a small pit by the eastern
boundary of the field which includes the summit of the hill. An
opening is indicated here on the six-inch map, but this has been
levelled over, and the new one is a few yards farther south. It
was evidently worked for the Portland limestone, of which many
blocks were stacked up close by, but, as is usual with small
pits, the bottom part had been filled in.
SECTION 160 YARDS EAST OF THE SUMMIT OF QUAINTON HILL.
ft. in.
PURBECK.
PORTLAND.
5. Soil, full of "Lower Greensand" material,
the lower 8 inches, perhaps, being" Lower
Greensand" in situ I 6
1
4. White marl, passing down into (3) 1 0
3. Finely laminated limestone ... 0 1
2. Hard limestone with shells and ostracods, the
latter specially abundant towards the top 0 4
i r. Soft marly limestone with Trigonia-casts,
I Pecten, etc. ... ... ... ... ..• I I
Bed 4 varies much in thickness, so that if" Lower Green-
sand" is really in situ above it, the unconformity between them
is strongly marked.
1 6. OVING.-A large outlier of Purbeck is mapped here, and
is well exposed in a large number of small pits that have been
worked for Portland Stone on the flat top of the hill. They show
considerable variation in the lithological character of the beds,
but it does not seem necessary to give the details of them in full.
This outlier was visited by the Association in September, 1897,
and some account of what was then seen appeared in the
report of that excursion (Proc. Ceol. Assoc., vol. xv., p. 207).
In the section given on p. 207, I should now have no hesita-
tion in carrying the Purbeck down to Bed 2, inclusive; while I
am very doubtful if the "Lower Greensand" marked there is
really in situ . more probably it is only sandy soil.
.17 and 18,,-WEEDON; AND WARREN FARM, NEAR Sl'EWKLEY.
-I have not visited these two outliers, whence Purbeck fossils
were recorded by Fitton, but where the outcrops were evidently
too narrow to be mapped by the Survey.
IV.-THE "LOWER GREENSAND."
Under this name the Geological Survey has mapped within
the district a discontinuous series of patches consisting mainly of
ferruginous sands, with frequent beds of ironstone, pebbles, and
clay resting on the Purbeck or the Portland beds, usually with
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marked unconformity, and in places covered by Gault. Though
mostly un fossiliferous, they have yielded -fossils in at least five
places in our district-marine at two, freshwater at three. Since
it is hy no means certain that these numerous disconnected
patches, about thirty in number; are all of the same age, it seems
very desirable to introduce local names for the description of the
fossiliferous beds and those stratigraphically connected with them,
and to leave the vague term" Lower Greensand" for those cases
which cannot with certainty be otherwise defined. I shall, there-
fore, in this paper speak of them under the following names:
(I) TOOT BALDON BEOS.-These are the beds extending from
near Chislehampton to the Thames at Clifton Hampden and
Culham. In them marine fossils of Aptian age have been
found.
(2) SHOTOVER BEDS OR SHOTOVER lRONSANDS.-This name
has been very generally used as a descriptive term. Prof. Blake
in 1893 proposed that the term" Shotover Sands" should be used
for (apparently) all the" Lower Greensand" of this district. As
Prof. Blake had himself used the same term in I 880 for the
Portlandian sands of Shotover Hill. I think a revival of the old
term of " Ironsands " used by Fitton is more satisfactory. I pro-
pose that the term be restricted to the beds containing freshwater
fossils, or stratigraphically linked with those that contain them.
An important stratigraphical distinction of these beds from
the next lies in the two facts that the Shotover beds rarely or
never rest directly on Kimeridge Clay (the supposed case
at Wheatley being due to slipping) and that they rarely approach
near the Gault.
(3) BISHOPSTONE BEDs.-I propose this name for the beds
developed around Bishopstone, Stone, and Haddenham Low
which have yielded marine fossils, though none that definitely fix
the age of the beds. The village of Stone has the first claim to
give its name to these beds; but as " Stone" has a lithological as
well as a geographical meaning, its use might lead to misunder-
standing.
(4) WOBURN SANDs.-I shall use this name in referring to the
continuous outcrop of sandy beds with Aptian fossils that starts
near Leighton Buzzard and continues north-eastwards towards
Sandy and Cambridge. These beds are entirely outside our
district, but it will be necessary to refer to them for comparison.
(I) Toot Baldon Beds.
These are, at Toot Baldon itself, fine clayey sands, probably
about 20 or 30 feet in thickness. Farther west, towards Nineveh
Farm, the clayey character seems to disappear. They are seen
again at the little cliff at Clifton Hampden, but here they are far
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coarser, forming a gravel of small pebbles, rarely over t inch in
length. These pebbles are mainly quartz, but some are of iron-
stone, and others again are of light-coloured argillite, very perfectly
cleaved, so that they break between the fingers along planes
almost as perfect as those of a calcite-crystal. This material I
have seen nowhere else in the district, but I have found similar
pebbles in the Faringdon sponge-gravels. Coarse gravels are
again seen just north of the brickyard at Culham, but in the brick-
yard itself only a few inches of pebbly, glauconitic stone intervene
between the Gault and the Kimeridge Clay.
At Toot Baldon itself, in such roadside exposures as could be
seen, I hunted for fossils unsuccessfully. There are two previous
records of fossils from here. Prof. Hull and Mr. Etheridge
found Ammonites (Hoplifes) deshayesii and Terebratula sella, con-
vincing proofs of Aptian age. On the other hand, Prof. Phillips,
in 186o, found, towards the base of the sands, Mya, Pecten,
Cardium, Trochus, and "an Ammonite of the group of A.
jJolyplocus, A. triplicafus, and A. giganteus," i.e., one of the
Planulati of Von Buch or the modern genus Perisphinaes.
This last fossil is much more suggestive of Upper Jurassic,
but as the genus does extend into the Lower Cretaceous,
it can hardly weigh against the evidence of the other two species.
Still we must not overlook the possibility that here, scarcely more
than a mile from Garsington, there may be a trace of the lower
sandy beds of the Portlandian beneath the Aptian sands .
(2) Shotover Ironsands.
These famous beds at Shotover itself have been a source of
constant discussion, and have been referred variously to the
Purbeck, Wealden, and Lower Greensand.
Under the heading, "Shotover Ironsands," I include not only
the beds on Shotover Hill, but also those extending . from near
Wheatley to Garsington, and those at Brill-in all of which
freshwater fossils have been obtained. To these may probably
be added the beds on Quainton Hill, from which Fitton obtained
impressions of Cyclas and Patudina. If unfossiliferous beds may
be allowed a place, I would add those of Long Crendon and
Thame, as lithologically more like those of Brill and Shotover
than those of Stone, but I know the weakness of such evidence,
and only adopt it temporarily in the absence of better.
SHOTOVER HILL R~NGE.-Here the beds were estimated by
Phillips as 80 feet thick. They include sands (both white and
reddish), ironstone, and clay (white and red). At Shotover
itself they rest on sandy Portlandian beds without any intervening
limestone, so that their exact lower limit is not easy to fix.
Between Wheatley and Garsington I could find no satisfactory
THE GEOLOGY OF THE THAME VALLEY. 47
exposures, except a small sand-pit just by the 400 feet contour, a
quarter-mile due south of Littleworth, where 5 feet or so of white
and grey sand, false bedded and variously iron-stained is
surmounted by a few inches of white clay, and this again by 3
feet of ironsand-slip. Many specimens have, in the past, been
obtained from Combe Wood, a mile south of Wheatley ; but I
could find no quarry there. Judging from the soil of ploughed
fields. the beds are mainly coarse ferruginous sands, passing into
ironstone. North of Gars ington, in the hollow lane leading down
to Kiln Farm, the se sands are seen to overlie a white clay, under
which are again ferruginous sandsofnogreat thickness (see Plate II ).
It is probably this clay that throws out the springs all round the out-
lier, the sand above hold ing an abundance of water even in time
of drought, as I found with considerable pleasure during the
hottest and driest part of last summer, when these springs con-
tinued to flow plentifully though many of those at the base of the
Portland were dried up.
All over this outlier the base of the Shotover beds seems to
vary greatly and irregularly in level, whereas the Portland beds
below appear to have a very regular and gentle dip towards th e
south-west. Granting that coarse freshwater sands may well have
been laid down originally on an uneven surface, it is probable
that most of this irregularity is due to subterranean erosions of
the top beds of the Portland and Purbeck as shown by Fitton's
" gulls " at Great Hazeley (ante, p. 37). The exact boundary-
line of the Shotover beds is also difficult to trace in man y
places, by reason of the extensive slipping that has taken place down
the hill-sides. As I have previously shown (pp. 28,29) this slipping
has been taken for overstep between Wheatley and Littleworth.
It is well shown in the lane-section north of Garsington, and
I suspect its existence at other points. It is not unlikely that th e
subterranean erosion of the underlying beds, where it has given
the Shotover beds a dip towards the hill-side, has been the
ultimate cause of the slips. I need hardly point out that the
discrimination .between slip, irregularity due to subterranean
erosion, and original overstep (which also exists almost certainly)
is a troublesome matter along a line where exposures are few, and
I have not attempted it in detail.
MUSWELL HiLL, BRILL, LONG CRENDON, AND THAME.-At
Brill there are abundant exposures of the Shotover beds at the
top of the hill, but there seems to be much slipping,and in the
short visit I paid I did not determine any regular sequence, though
I estimated the beds at 50 feet in thickness. They are a very
variable set of sandy and clayey beds-the sands white, pale
violet, and reddish ; the clays blue, violet-black, and dark
brown.
On Muswell Hill the sands seem to be mainly ferruginous,
but I did not notice any good exposure.
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At Long Crendon the beds are plainly seen lying between the
Gault and the Purbeck, and are only 4 feet thick. One section
has already been noted (p. 22 and Plate II). Another, 50 yards or so
farther north, showed a rapidly varying set of sands and clays.
In the brickfield, a quarter of a mile south of Thame station,
there are several small openings, one showing fossiliferous Gault ;
another purplish-grey and yellow sands, with ironstcne above and
below; and a third, soft white clay. This seems to be the
descending succession, but I could make out no actual junction.
The characteristic features of these beds from Brill to Thame
are the abundance of clay and fine clayey sands, and the rarity of
coarse sand and pebbles.
I have not been able to trace the beds east and west of
Thame owing to the abundance of drift, and the absence of any
limestone between them and the Portland sands. In the section
near Towersey '(po 39) nothing was seen above the Purbeck,
although according to the Survey map Lower Greensand, if not
Gault as well, should here be present.
QUAINTON AND OVING.-The exposures I have seen on
Quainton Hill all show ferruginous sands with pebbles, and
might just as well be correlated, on lithological grounds, with the
Bishopstone beds as with the Shotover beds. But as Fitton
obtained casts of freshwater shells from them, I include them
here. They appear to rest on Purbeck or Portland beds with a
strong unconformity; but in one pit at least (p, 37) this is due
to subterranean erosion of the underlying beds.
At Oving, the only, section I know of was visited by the
Association in 1897, and is described in the report of that visit
in these PROCEEDINGS.
Bishopstone Beds.
BISHOPSTONE TO HADDENHAM. -These extend from just north
of Haddenham in a broken curve, along the line of high ground
followed by the main road from Thame to Aylesbury, and down
to Bishopstone, where they appear to pass under the Gault. In
addition there are a number of smail outliers mapped by the
Survey.
The general sequence of these beds is shown in Plate II (Stone
and Hartwell section). The best exposure is that at the Wind-
mill, Stone. During the last three or four years this has been
actively worked, and its appearance has varied to some extent. It
was at its best about the middle of May, 1898, when it showed a
very pretty fault on the two end faces, running parallel with the main
face, i.e., almost due east and west, with a downthrowof a couple
of feet or so to the north. In September my friend Mr. Pledge
took a photograph of the section, a copy of which is now in the
British Association collection. The details of this section have
THE GEOLOGY OF THE THA:lIE VALLEY . 49
varied somewhat from time to time . The following measure-
ments were taken in March, r897 :
WINDMI LL SA ND-P IT , STOJ-;E.
6. Sandy clay
5. Sand and ironstone .. ,
4. Sandy clay ...
3. Sand and iron stone ...
2. False-bedded white and grey sand with pebbl es, from
Sft. 6 in . to
I. True-bedded firm grey sand
ft . in.
3 -4
o 9
o 3
I 5
7 9
3 6
This section shows evidence of the following series of events:
(r) Deposition of the lowest sand in relatively still water.
(2) Removal of part of it by currents and deposition of
pebbly sand at various angles ,
(3) Truncation of the false-bedded sands by a horizontal
plane, and deposition of sandy clay, etc., in comparatively still
water.
A noteworthy feature of this pit is the absence of ferruginous
sands , which are seen in other pits close by. The three following
sections will illustrate the variations in the character of these beds.
MR. CASTLE'S PIT, ! MILE ALONG EYTHROPE ROAD, STONE.
ft. in.
6. Sandy soil
5. Bluish-white plastic clay
4. Bright orange sand
3. Whitish sand
2 . Black loam ...
I. White sand, with a few seam s of black loam; few pebbles,
some false-bedding
5 0
I 0
o 6
2 0
12 0
up to
OF STONE VILLAS, STONE.
2 6
o 4
o 9
6 3
o 9
10 0
MR. CASTLE'S P IT , SOUTH
6. Soil and drift
5. Clayey sand ...
4. Clay ...
3. Fal se-bedded sand with pebbles and iron stone
2. Lenticular band of Fuller's earth ...
I. False-bedded sand, etc.
OLD SA ND-PIT, NORTH SlO E OF MAIN ROAD, EAST OF STONE FARM,
STONE.
5. Soil
4. Clay
3. Clayey sand
2. Clay
I. Light-coloured sand
ft . In.
I 6
o 6
a 8
I 0
9 a
In this last pit, the beds given are capped, a little farther
east, in an old, obscure face, by a band of hard ferruginous
conglomerate of small pebbles. This conglomerate does not
seem to extend far.
In none of these sections is the base of the sand exposed,
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and in none could I find any trace of fossils. Morris recorded
Endogenites erosa from the base of the sands in Stone village.
but the only marine fossils which he obtained were from his
"Red Sand Pit," the site of which I have identified as in the
field which lies between Peveral Court grounds and Calley Farm.
This site is marked by a depression of the ground, evidently
artificial, and it agrees with the order in which Morris described
the pits. When I first visited this field, in March, [897, it was
ploughed over, and the pebbly ferruginous sands were well seen;
but on returning there, in 1898, in the hope of finding fossils, I
was disappointed to find the field in grass. This pit is not on
the same outlier as those above described, but on a smaller one,
south of the main road.
The fossils from this pit are preserved at University College,
clod through the kindness of Prof. Bonney I have been able to
examine them, and they were exhibited at the meeting on
Decemoer and, 1898, when this paper was read. They include
a very good piece of coniferous wood, and casts in coarse sand-
stone of a small coral, Pecten, Spondylus, and other marine shells,
including one identified as Exogyra sinuata. If this identification
is correct,* it fixes the age of these beds pretty closely, since
that species does not occur below the Atherfield clay and its
equivalents (Rhodanian or Urgonian), though it ranges to the top
of the Lower Greensand (base of Albian).
Besides these indigenous fossils, Morris describes the occur-
rence of derived blocks of compact brown sandstone, with casts of
Unio, Cyrena, Paludina, and traces of plants. Only one fragment
of such sandstone is preserved in the collection that I saw at
University College, and the casts in that do not seem enough to
establish the freshwater origin of the sandstone. I may mention
that I found one block of coarser sandstone full of casts of a
gasteropod (Paludina ?) at Castle's pit, near Stone Villas, but
unfortunately it was in the soil, not in situ, and therefore proves
nothing.
In the" Explanation of Horizontal Section Sheet 140," casts
of marine fossils in "gritty and ferruginous beds between Hart-
well and Bishopstone " are recorded. These may be from Morris's
pit, or from some other one. I know of no pit open at present,
or even recently abandoned, between Hartwell and Bishopstone.
I may say here that I feel very doubtful as to the correctness
of the mapping of the little outlier in which this pit occurs. The
topography of the old one-inch map is quite clear and fairly correct
at this point, and the outlier is shown as about 370 yards broad,
extending south-westwards to within about 200 yards of the Stone-
Bishopstone road, and north-eastwards to within about 130 yards
• I am not sufficient or a palseontologist to venture to express an opinion on the
specific identity of a cast; but at the meeting Prof. J. F. Blake expressed his opinion that
one of the specimens was certainly ./!;xog)'ra silluata.
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of the Calley Farm lane. Now over the greater part of this
breadth the ploughed soil shows nothing but limestone-fragments
and some flints. The only field in which the ferruginous sands
occur is the squarish one previously described, and that lies on
and beyond the north-eastern limit of the outlier as mapped.
Moreover, if only six feet of sands were present at Morris's pit, as
he states, the fall of the ground thence to the next field to
the south-west would take us at once on to the Portland
beds. Of the north-west and south-east extension of the
outlier I cannot speak, nor of the further patch passing under the
Gault at Bishopstone. This last is the only point where the
Bishopstone beds are shown on the Survey map as underlying the
Gault at its outcrop, but, as already mentioned (p. 34), I have
seen an exposure of them, close to the Gault, at Bridgefoot Farm,
near Ford.
Westwards from Stone comes another long outlier, capping the
high ground along which runs the road from Ayiesbury to Thame.
The ferruginous and pebbly sands are everywhere to be seen in
the fields, but about the highest part of the ridge they are capped
by sandy clays, mapped as Gault on the one-inch maps, but pro-
bably answering to the tOP beds in the Windmill section, Stone
(see p. 55, later). These beds are worked at Haddenham Low
brick field.
At Haddenham several outliers are mapped, and the
soil by the eastern windmill seems to indicate the existence of
an extra one there.
HAZELEY TO RYCOTE.-I include the sands which crop out
beneath the Gault along this line in the Bishopstone Beds on
general stratigraphical grounds, but without any palzeontological
evidence that they are marine. In the fact that they follow
the Gault outcrop we have a suggestion of conformity to that
formation, and the great lithological difference between these beds
up to their easternmost appearance at Rycote and the beds at
Thame, which I class as freshwater, lead me to regard these as
a different series.
According to the Survey map they begin about a mile south
of Great Hazeley with a duplicated outcrop due to a strike-fault,
and they cover a considerable area around Great Hazeley itself,
thence running with a sinuous outcrop by Great Milton to the
south side of the valley of the Chilworth Farm Brook, where they
are overlapped by the Gault; two windmill-marked outliers on
the left bank of the Thame forming a link towards the Combe
Wood outlier.
I cannot myself speak for any point south of Great Hazeley : on
the north side of that village the old stone-pits described by Fitton
are .certainly capped by ferruginous sands, but I could see no
evidence of their presence in the village itself; on the contrary,
there is what seemed to me to be an outcrop of limestone in the
A. M. DAVIES ON
roadway, and in the little quarry described on p. 30 the limestone
came immediately under the soil. Some alteration in the mapping,
therefore, seems necessary here. I have also been over the
ground occupied by the southern of the two "windmill" out-
liers, and to judge from the soil of the fields it is much smaller
than is shown on the map.
To return to the main outcrop, we find the beds well exposed
at the stone pit, Great Milton (p. 29, ante). The main face now
being worked faces due west, and shows the section given by Mr.
H. B. Woodward in his Jurassic Memoir, viz. :
[t in.
Brown loamy -oil,
Sand with bands of white and ochreous clay, with
lignite ... '" 3 ft. to 6 0
Buff and white false-bedded sand with ferruginous layers
and concretions; with at base lydite pebbles and iron-
stone ... 3 ft. to 6 0
In an old face to the north-west the sandy beds are very thin,
only about 4 inches occurring between the upper sands and clays
and the ironstone with pebbles (7 inches), below which again is
clay (2 inches). On another {ace, half way between these two, the
sands have increased to 2 feet 8 inches, and the bottom clay
has disappeared. These facts illustrate the rapid variation in
these beds.
The "Lower Greensand" is shown on the Survey map as
overlapped by the Gault where this runs out along the ridge
followed by the main road from London to Oxford; but descend-
ing from this ridge along the footpath by Trindal's Farm, a little
below the 300 feet contour, one finds a most distinct outcrop of
coarse pebbly sand, exactly like that seen on the other side of the
ridge. There is much Drift about here, and I could not recognise
this sandy outcrop by Chilworth Farm. Still, the" Lower Green-
sand " certainly extends beyond the limit marked on the Survey
map, and this suggests the possibility that it may follow the Gault
outcrop continuously round by Long Ground Farm. I have
ventured to mark it as continuous on Fig. I, though I have not
actually traced it.
On the other side of the ridge it can be traced pretty con-
tinuously from Sandy Lane (south of Tiddington Station) by
Tiddington village and Albury to near Rycote Pond. All along
this line it rests on the Kimeridge Clay, and springs mark the
boundary at Tiddington and Rycote. Beyond this latter point I
have not traced it. According to the one-inch geological map and
explanatory memoir there is a continuous narrow outcrop, largely
concealed by Drift, from here to beyond Thame; but the new
Index Map shows it as ending at Rycote. If the former were
correct, "Lower (:reensand "ought to have been shown in the
railway-cutting near Rycote Pond described by Mr. Codrington;
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but that showed river-gravels resting directly on Kimeridge Clay,
Rycote Pond itself, a large sheet of water covered largely by weeds
and haunted by wild fowl, certainly rests on clay-Gault, accord-
ing to the one-inch map, Kimeridge, according to the Index Map.
I mention this to show the difficulties of mappin g in this area,
where nothing seems to intervene between two great clays, where
Drift is plentiful, and exposures few.
Correlation of the "Lower Greensand."
Just beyond the north-eastern boundary of the Thame Valley
the continuous outcrop of the marine Woburn Sands begins
Just at its south-western limit, the marine Toot Baldon sands
appear. In the intervening area, in association with the presence
of higher Jurassic beds than in adjoining areas, we find an absence
of the continuous Lower Cretaceous beds, and instead we have
an irregular series of patches, some marine, some freshwater .
Do the marine and the freshwater beds in the area represent
simply two facies of beds of the same age, such as we might get
in a large estuary? or are there here two or more formations of
different ages? In favour of the former view is the absence of
any section showing the freshwater beds overlain by unconform-
able marine beds ; but did such a section exist, it might easily be
taken, in the absence of fossils, as showing merely a contempo-
raneous erosion. Indeed, the section at the Windmill, Stone,
might very well be so interpreted but for the occurrence of marine
fossils at the very base of the sands not far off.
In favour of the second view, we have Morris's derived OrOCRS
with freshwater fossils. But these might be derived from some
freshwater deposit of earlier date than the Shotover beds. There
is also the close approach of the Toot Baldon sands to the neigh-
bourhood of the Shotover beds, without any sign of passage
between them; but against this must be put the absence at Toot
Baldon itself of any sign of littoral conditions and derived blocks,
such as we might expect if the sea in which they were deposited
was attacking a shore-line only a mile away.
There is one other point to be considered. As our President
(Mr. Teall) long ago pointed out , the freshwater beds always rest
on Portland or Purbeck, while the marine ones may rest on lower
beds. The only possible exception to this (now that the supposed
overstep at Wheatley is disposed of) is the outlier at Forest Hill,
and it is not impossible that the sands there may be marine. If
this distinction holds good, it suggests that the Shotover beds are
earlier in date than the earth-movements which gently folded
the Portland beds and led to the Gault overstep.
I incline, on the whole, then, to the viewthat the Shotover beds
are earlier in date than the marine bed s. Of these, the Toot
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Baldon beds on the one hand, and the Woburn sands on the
other, represent, on the whole, less littoral conditions than the
Bishopstone beds, but the three may be of the same date. In
Aptian times, when the sea reinvaded this area, the Portland beds,
bent into a gentle basin with subsidiary N.W. to S.E. flexures, may
have formed at first an isthmus, uniting the land of London with that
of the north-west. Marine erosion may have reduced this to a
peninsula, or an island, or a group of islands; and the Bishop-
stone beds may have been deposited in the inlets made by the con-
quering sea along the anticlinals of the land. But the final conquest
came not by destruction, but by submergence. As the land sank,
the formation of littoral deposits became less and less important,
until finally, in the time of 1foplites interruptus, the Gault sea
spread its blue mud directly on the older rocks-though the
abundance of phosphatic nodules indicates a period of unrest at
first.
V.-GAULT.
I shall dismiss the Gault ill a few words, as I propose to deal
with certain questions relating to it in a separate paper. The
main outcrop can be traced from the Aylesbury district to
Culham on the Thames. There are not many exposures, but
where the base is seen it belongs to the zone of Hop/ites
interruptus, as at Folkestone.
Supposed Outlier at Haddenhatn Low.-Besides the outlier at
Long Crendon (see p. 2 2 and Plate 11.), two others are marked on
the Survey maps as resting on the outlier of "Lower Greensand"
(Bishopstone beds) that extends from near Haddenham to near
Upton. The larger and more northerly of these is shown as overlap -
ping the Lower Green sand , so .as to rest on Portland Stone for a
distance of nearly three-quarters of a mile. In the explanatory
memoir to Sheet 45 it is stated that Gault is shown at the Kiln
(Haddenham Low).
Of the smaller of the two outliers I cannot speak posit ively,
but I have traversed the greater part of the ground occupied by
the larger one, and am convinced that it has no existence. The
clay exposed at Haddenham Low is a very sandy clay, exactly like
that of the Windmill section at Stone. On washing, it leaves an
enormous residue of pure white sand, without either foraminifera,
glauconite-grains, or Inoceramus-prisms, such as abound in the
true Gault of Long Crendon. I have no doubt whatever that
this is the uppermost sandy clay of the Bishopstone beds.
In the portion of the supposed Gault which overlaps the
Lower Greensand and rests directly on the Portland, the King's
Cross pit (p. 40) has been opened, and we can see that what was
taken for Gault here is really Purbeck clay. Over the area south of
the Haddenham Low brick-kiln I could find no sign of clay at all;
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everywhere the soil was that typical of the ferruginous sands of
the Bishopstone beds.
My interpretation of the area is given in the sketch-map,
p. 54. I make no claim to having traced the boundary-
lines over the actual ground. They were drawn in consideration
of a large number of scattered observations, and several traverses
in different directions, and with the assistance of the contour-
lines. The lines drawn for the Purbeck and Bishopstone beds
north of the Dadbrook valley are purely hypothetical, so far as I
am concerned, as they were drawn in accordance with the published
Survey map and the run of the contour-lines.
After I had come to my own conclusion as to the non-
existence of Gault in this area, I noticed that the outlier in
question is omitted from the Index Map, Sheet 12. It appears,
however, on the International Geological Map of Europe,
Sheet B4, just published. In the explanation of Horizontal
Section, Sheet 140, Mr. Jukes-Browne speaks of the clay exposed
at Haddenham Low as belonging to the Lower Greensand. The
Index Map, however, shows Lower Greensand as resting on the
Portland west of King's Cross, in the area really occupied by
Purbeck.*
Vr.-PHYSIOGRAPHY OF THE DISTRICT.
It is necessary now to consider the origin of the peculiar
course of the Thame in relation to the Portland and Gault
(see pp. 17 and 35). This course appears to me to confirm
the view of Prof. W. M. Davis, that the rivers of Eastern England
are in the mature stage of a second cycle of activity. The clue to
the puzzling course of the Thame is, I suggest, to be found in the
fact that, though its course at present is mainly on Kimeridge
Clay, it is properly a Gault stream. Before the last geocratic
movement by which the English rivers were rejuvenated, the
Thame meandered on a plain of Gault, some way to the north-
west of its present course, and at a considerably higher
level (250 to 300 feet). Its valley was bounded to the
north-west by the rise of the ground towards a low escarpment
of Portland beds and "Lower Greensand," which ran from Shot-
over Hill north-eastwards to Muswell Hill, and then gradually
curved eastwards with the strike, to Quainton, Oving, and Cub-
lington, where it died down as the Cretaceous overstep was com-
pleted. Whether this escarpment was actually continuous for the
whole distance is difficult to say; the break in continuity of the
present Portland outcrop between Hazeley and Thame suggests, but
* At the meeting at which this paper was read, the President announced. that Mr. Ju~es­
Browne had recognised the non-existence of this Gault outher when he revised the mapping
in ,887.
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does not prove, a corresponding disappearance in the escarpment
between Shotover and Muswell Hills. If it did not completely
die away between these points, it may have been lower, owing
to the Portland beds being thinner, or it may have been recessed
for some distance with the change of strike caused by the
pre-Cretaceous anticline which led to the break in the main
outcrop.
When the second cycle of denudation began, the rejuvenated
Thame rapidly cut its bed down, while at the same time it shifted
itself as a whole in the direction of the dip of the Gault. But
the former action was more powerful than the latter, and soon the
stream had cut through the cover of Gault and struck upon the
hidden rocks beneath. The curves in which it had been
meandering now became fixed, and at the same time the dipward
shifting was checked, owing to the harder character of the rocks
it now had to erode. But at the two ends of the stream, where
no Portland beds underlie the Gault, the dipward shifting con-
tinued, and thus the whole stream came to be drawn out into a
loop-beginning and ending on Gault, and cutting down through
Lower Greensand and Portland beds to Kimeridge Clay in the
middle.
Meanwhile the Portland escarpment had suffered attack from
both sides, by the tributaries of the Ray as well as those of the
Thame. Being capped by such a thin layer of harder beds, it
readily yielded to the attacks, and became cut up into isolated
outliers, the Thame basin gaining on that of the Ray between
Shotover and Muswell Hill, and still more strikingly between
Oving and Cublington ; while the Ray gained ground between
Muswell Hill and Quainton. Hence comes the irregularity of
the north-western boundary, pointed out at the beginning. That
in Shotover, Muswell, Quainton, and Ovinz Hills we have dis-
integrated parts of an escarpment seems clearly shown (I) by the
uniformity of their structure-everywhere capped by Lower
Greensand, never by Gault, as is the differently-produced outlier
of Long Crendon ; (2) by their disposition along a curving line of
strike; (3) by the gradual drop in the height from Quainton to
the vanishing point at Cublington, which was so low that here
alone glacial drift obtained entrance into the Thame valley; and
(4) by the flat-topped character of the largest of them, viz.,
Shotover and Oving outliers.
I expect and hope that these views, as well as others put
forward in this paper, may meet with criticism; and I trust that
before long the members of the Association will have an oppor-
tunity of discussing matters with me on the actual ground.
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REMARKS UPON THE OSTRACODA.
By F. CHAPMAN, A.L.S., F.R.M.S.
THE majority of the Ostracoda here noticed are well-known Lower
Purbeck forms."
There are, however, some other species of much interest, which
call for special comment.
Bylhocypris toimooodiana, Jones and Sherborn; Proc. Bath
N. H. and Antiq. F. Club, 1888, vol. vi, NO.3, p. 252, pI. V,
figs. 1 a-c.
This species was originally described from the blue Fuller's-
Earth Clay of Midford. A single specimen is here recordedfrom
a green clay of uncertain horizon, but probably Portlandian,
at Denham Hill Farm, near Quainton.
Macrocypris horatiana, Jones and Sherborn; Proc. Bath
N. H. and Antiq. F. Club, 1888, vol. vi, NO.3, p. 252, pI. V,
figs. 2 a-c.
It is interesting to note the occurrence of this species as
being in some abundance in the Aylesbury district, having been
previously found in the blue Fuller's-Earth Clay at Midford.
M. horatiana is here recorded from King's Cross, Bed NO.3,
at the bottom; and from a pit t mile from Walton (Aylesbury)
along Bishopstone footpath, Bed 4.
Cythere drupacea, Jones; Quart. Journ. Geol. Soc., 1884,
vol. xl, p. 772, pI. XXXIV, fig. 30. Cytheropteron drupaceutll
(Jones). Chapman, 1894, ibid.; vol. I, p. 691. C),there drupacea
(Jones), Chapman, 1897; Proc. Geol. Assoc. vol. xv, p. 96.
This species has been found in the Great Oolite of the
Richmond Well-boring, in the Hartwell Clay of Aylesbury, and in
the Bargate beds (Aptian) of Guildford [perhaps derived].
Some of the Jurassic examples from the Aylesbury district
now under examination are exceptionally tumid in the postero-
ventral region. Cythen drupacea occurs in all the samples from
King's Cross, Bed NO.3, and in some abundance.
Cytheridea (?) subeminula, Jones and Sherborn; Prot. Bath
N. H. and Antiq. F. Club. 1888, \'01. vi, No. 3, p. 261, pl. V,
figs. 8 a-c.
A specimen from Coney Hill, Bed 5, agrees somewhat nearly
with the above species. but being slightly damaged it is difficult
to say with certainty. Messrs. Jones and Sherborn described this
species from the base of the Fuller's-Earth Oolite between Not-
grove and Bourton.
* See T. R. Jones, Quart./Durn. Geol. Soc" vel, xli, 1885. p, 311; also F. Chapman,
Proc. Geot- Assoc., vol. xv, 1897, p. 96.
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